~TRODUCTION
Artificial insemination with fresh donor sperm has been abandoned due to HIV risk, and frozen donor sperm is routinely used (1) even though sperm freezing adversely affects sperm motility (2) . To overcome the Reproductive Medicine Service, Department of Obstetrics and Gynaecology, Institut Dexeus, po Bonanova 67, 08017 Barcelona, Spain. z To whom correspondence should be addressed. deletereous effects of sperm freezing, several strategies have been proposed: modifying the freezing technique (3) , increasing the number of inseminations per cycle, changing the insemination technique, and improving insemination timing (4) .
It has been shown extensively that intrauterine insemination (IUI) with donor sperm yields higher pregnancy rates than intracervical insemination (2, (5) (6) (7) (8) (9) (10) . This increase in pregnancy rates has been attributed to the placement of a greater number of highly motile sperm high into the uterus, avoiding any deleterious effect of cervical mucus on the sperm (7), or to the semen sample quality improvement obtained after processing by sperm selection techniques (8, 10) .
Ripps et al. (11) explain the success of IUI by a double mechanism: (a) delivery of larger sperm numbers to the fertilization site by rapid transport (4 hrs) and (b) retrograde colonization of cervical mucus, which may result in sustained release of sperm, allowing better pregnancy rates. On the other hand, according to Williams et al. (10) , the success of the IUI technique is related to sperm preparation due to its beneficial effect upon sperm quality, and not to the number of sperm inseminated.
Although it is known that assisted reproduction techniques carry the risk of multiple pregnancy, no reports have been published on the relationship between the technique used for insemination and the risk of multiple pregnancy.
The aim of the present study was to investigate the role of the insemination technique used in a program of artificial insemination with donor sperm (AID) in multiple pregnancy rates.
MATERIALS AND METHODS

Patients
Three hundred pregnancy cycles from our AID program have been retrospectively analyzed. All cycles were performed under gonadotropin stimulation between January 1988 and December 1994 at the Reproductive Medicine Service, Department of Obstetrics and Gynecology, Institut Universitari Dexeus.
Treatment
All pregnancy cycles were treated with either human menopausal gonadotropin (hMG; Pergonal 500; Serono Laboratories, Spain) or pure follicular stimulating hormone (FSH; Fertinorm; Serono Laboratoires) according to a conventional protocol: starting with 1 (75 IU) or 2 (150 IU) ampoules on days 2 to 4 of the menstrual cycle, the cycles were monitored using serum estradiol determinations and vaginal ultrasound (US) after 5 days of hMG or FSH administration, and the dosage was adjusted according to the ovarian response (12) .
Ovulation was induced with 5000 IU of human chorionic gonadotropin (hCG; Profasi; Serono) when a dominant follicle reached at least 18 mm in diameter.
hCG, 5000 IU, was administered for luteal support, in two separated doses at days 1 and 3 after ovulation.
Insemination Technique
Insemination technique was chosen according to patients and laboratory availability.
For intracervical insemination (ICI), three inseminations were performed on 3 consecutive days: the day of hCG administration and 24 and 48 hr afterward. Sperm was delivered by a special cervical cup (Domo, IMESA, Spain) immediately after thawing at room temperature.
For intrauterine insemination (IUI), only one insemination was performed, 36-40 hrs after hCG administration. Sperm samples had been processed previously with Percoll gradients (13) , and a maximum volume of 0.2-0.3 ml of sperm preparation was delivered into the uterus using a Teflon catheter (Wallace; H. G. Sims, England). Sperm motility count was obtained by assessing the final semen sample after Percoll treatment by multiple-exposure photography (MEP) for objective sperm analysis (14) .
Statistics
For statistical analysis, the following definitions were used.
• Initial dose: Number of gonadotropins ampoules administered at the beginning of the treatment.
• Total dose: Total number of ampoules administered.
• Mean dose: Total number of ampoules administered divided by total number of stimulation days.
• Follicles 10-13: Number of follicles between 10 and 13 mm in diameter present at ultrasound on day of preovulatory hCG.
• Follicles --14 ram: Number of follicles >-14 mm in diameter present at ultrasound on day of preovulatory hCG.
• Estradiol plasma levels on day of hCG.
Data were analized by chi-square test and Student t test where appropriate. Single pregnancy cycles were compared to multiple pregnancy cycles, and ICI cycles were compared to IUI cycles. The P value criterion was set at 0.05.
RESULTS
Of 300 pregnant cycles, ICI was performed in 173 (58%) and IUI in 127 (42%), yielding 223 single pregnancies (74%) and 77 multiple pregnancies (26%) (20% twins and 6% triplets or more).
The mean age of women with multiple pregnancy cycles (mean _.+ SD; 31.8 +_ 3.1 years) was lower than that for women with single pregnancy cycles (32.4 _ 3.9 years), although this difference was not statistically significant (Table I) .
For the multiple pregnancy group, the initial dose (1.6 ___ 0.4 ampoules) and mean total daily dose (1.6 ___ 0.4 ampoules) of gonadotropin stimulation were significantly higher than for the single pregnancy group (1.4 _ 0.5 and 1.5 ± 0.4 ampoules, respectively; Values are means ---SD. * P < 0.001. P < 0.001). No differences were observed for total dose of gondotropins and days of stimulation.
Plasma estradiol levels on the day of hCG administration and number of follicles "-----14 mm were significantly higher in multiple pregnancy cycles (P < 0.001), while there were no differences for number of follicles 10--13 mm (Table I) .
Comparing characteristics of patients and treatment cycle according to insemination technique, the mean age was significantly older and plasma estradiol levels were significantly lower in IUI pregnancy cycles compared to ICI pregnancy cycles (P < 0.001). There were no differences for the other variables analyzed (Table II) .
Finally, the multiple pregnancy rate was significantly higher for IUI (32%) than ICI (21%) (P < 0.05) (Fig. I) . Moreover, within the IUI group a significanOy higher total number of highly motile sperm were inseminated in multiple pregnancy cycles (2.2 + 1.4 million) compared to single pregnancy cycles (1.6 + 1.1 million) (P < 0.01). 
DISCUSSION
Our results show that in AID cycles under gonadotropin stimulation, there are factors associated with multiple pregnancy risk that are gonadotropin related: higher total initial dose and higher mean daily dose of gonadotropins, higher number of follicles --> 14 mm, and higher plasma estradiol levels on the day of hCG administration.
Our findings show that despite the younger age for women with multiple pregnancies, this difference is not statistically significant, in accordance with other authors (15, 16) o However, Navot et al. (17) found a clear relationship between age and multiple pregnancy risk.
The most striking finding of this study is the prime importance of the intrauterine technique of insemination in AID-stimulated cycles as a risk factor of multiple pregnancy. Nevertheless, it has not been possible to compare our results with other authors, because most related papers refer to the efficacy of IUI in cycles stimulated with clomiphene citrate (7, 9, 11) , or unstimulated cycles.
Multiple pregnancy has been associated with younger women (17) . The fact that our patients in IUI pregnancy cycles were significantly older and showed significantly lower estradiol levels than the patients in ICI pregnancy cycles highlights the importance of the insemination technique used to the risk of multiple pregnancy.
Our results also show a direct relationship between the number of spermatozoa inseminated and the incidence of multiple pregnancy, in agreement with Shelden et al. (16) , although their work deals with artificial insemination with husband sperm (AIH)° On the other hand, Dodson et al. (15) , also with AIH, did not find any difference in the number of spermatozoa inseminated in single compared to multiple pregnancies.
From our results, it could be suggested that the delivery of a higher number of highly motile sperm closer to the fertilization site not only increases fertilization chances and pregnancy rates, but also can favor fertilization of more oocytes and contribute to increased multiple pregnancy chances.
Because it has been shown that IUI yields higher pregnancy rates, this technique should be the choice for AID programs, instead of ICI. Nevertheless, taking into account the risk of multiple pregnancy associated with IUI, special attention should be paid to the treatment protocol used, particularly if other factors of multiple pregnancies are present, such as young patients, a high number of follicles ~ 14 mm, and high estradiol levels. It may be wise to use stimulation protocols that bear a lower risk of multiple pregnancy, such as clomiphene citrate or a low-dose gonadotropin protocol (I 8,19) , or unstimulated cycles.
In conclusion, the delivery of a higher number of highly motile sperm closer to the fertilization site would favor pregnancy rates but also the chances for a pregnancy to be multiple.
To improve insemination efficacy without increasing the multiple pregnancy risk, treatment protocols of lower risk should be chosen for ovarian stimulation in AID programs.
